
THIS REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBL!C RELEASE

UNDER DOD DIRECTIVE 5200.20 AND

NO RESTRICTIONS ARE IMPOSED UPON

ITS USE AND DISCLOSURE.

DISTRIBUTION STATEPENT A

APPROVED FOF PLBLIC RELEASEJ

DISTRIBUTION UNLIMITED,



uNCLASSIFIED
(II

II

1 Orme Se ces Technical Information A gency
ARLINGTON HALL STATION

___ARLINGTON 12 VIRGINIA

NOTICE. ?IEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED rOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMIENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAID DRA [ NGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICA. ON OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHERPERSON O.F CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

CLASSIFICATION CHANGED TO UNCLASSIFIED

BY AUTHORITY OF A STIA RECLASS. BULLETIN j

Date /6O FFI Signed EC4 AS4
OFFICE SECURITY ADVISOR



0-0 CieQf~ V-,ts-, 4t TnS Ofdw~
2his tdoduinnt has3 bsin reOviewed In SooOrdanoa qAth SECIii UX1 NOPRAVINST 6510O.17# peaoaraphi C) The RSo~wlt7 A~1100! cation nou pod hereto a5 crorwott,

~~t~s CONFIDENTA
- ~ L~ d iratLon of -A

~. "it"Ml Chief ot Nval RO&nb~eez(~.

Sodlum Perchlorate: Reea.01 LO~u Dfraopen ofSelected Methoas to V~xdluds SboiW 116o2'Ob1'te, Wjlthmt the USS

J. 0. Qrigger
LD. Loomis

JTVe 19,0 1953 P9%1Xroj. )r. J4-ooo4~8-.6o
In~m~i Rtesearc1 Depmtaszt

& D). Division

T1A.



CONFIDENTIAL
[70

I 
IM

5t(R* *99 99099999*999

RZOOII~DAZO~S. Wor Doe In . 953 .. . . . . . . . . . 7

~~*i sunwvE** 2i3t) of Previoim Wor D* in19

2. Wor Dm io rv2 s -9k 3e .1 .

317

2. maro~1 if*=$3 of *" *OI& sle. * . . 4

4. O~~ lormsof Lead D~Oa~ mXectro*s &

h 
4

CONHDNTIAL i



(ONIDEW.i~

Aq aomr or eryio Work Ziozi in~ 195 .1

'Wor Dou in 19533*. .@

a 060 60000 0 60 (

WEPITh~2AL WORX RECX IN MP~a xoTm0oxs 61 *.

14



CON FI DENTIAL

I Cold Pressed and Sintered Si-SiC Series -
(category No. I). . .. . •

fl Silicon loy Iregnaion- (Category Nvo* 2) . . . 16

VX Variations in Oarbon Bases (Category No. 3) , . , 18

IV Reating an& q uenching Treatments - (Oategery NO. 4) 2

V - Surface Treatments, Chemical anA Physical, and Atmol-
Pheres- (Categoryllo.5) • o .• • • 24 

VI Inregnants (Oher'Tan ilicon) an&' 6oatings-
(Category ]To. 6) 25... , , , • , , ,

71 Cast Silicon- (Category No 7) 2. . . , .. . 7

Variations in Physical Dimensions - (Catogory NPo. 8) , 27

C6ate& Graphite or Carbon- (Category.!o. 9) p , • • , 27

VIII Miscellaneous - (Category o. 0 . , .• * .• 28

ix Massive Lead Dioxide Electrodae • , . . . , • • . , , 31

X Lea Dioxide Plating Bath.. .• . .•. . 0 • 35

4oXT Xray Diffraction and Speotrographio Analyses of
Massive Lead Dioxide Deposits ......... . 36

XII C arent Ffficiencies of Massive Lead Dioxide Anodes
in Chlo bb-Perchlrate oUl.1 . . . . ... 38

XIII Weight Losses of Lead Dioxide Ano&es in Chlorate-
PercItU-ate ell e . . g•o •• •g• 2

nIV Testirg of Oiwrent Leads to Masive Lead Dioxie Anodes

in hlorate-Perchl a te eOl•. Cal l.• •• 43

XV Other Current Leads to Lea& Dioxide Ano&es 4 4 . • o

X71 Specific Resistance at Room Temperature of Various
Samles of Lea& Dioxide Compared with Other Materials. 4-7

X VII Miscellaneous Anode Materials (eairing Materials - a rbon
lmpregnotea with Various Metals) 2. . . • • . , ,

@XVIZ NItectrical Oon&uctvity ltatina of. Some Minerals . , . 54

3, zabo l5anenAno&8Mteriaf . 0.. . 56

PittxswhPlte GlassSamples o0 *** . 5

XXI orning GsWork aISUP~O W g59



CONFIDENTIAL-,

IF

11.

-~P ~ - ------=



CONFIDENTIAL,

S*U= Podhocra: Rtesearch ZeadljIW Towari& tU. De2oment of Select*&
NattlQ&3 t6 produce So~im Parchbleka wit)out ti. Urs of platims
(Przoject lumber M 3$2.04/2-1-52; Oontsaot XuAber X~-O7(OO)).

li

0.77

fP 0

J N FK\ A I. 42



CON.,FDENT1IAt1
0

To iOstt.gate isthode for production of soaiuz perchlorate without the
ue of platirml to include, but not necessarily be UmiO to, the followings

(1) The uIse of anodes comprising silicon-silicon carbide

(2) The use of laeP dioxide coate anodes

(3) The dixproportionation of sodiume chlorate in acid solution
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0 i. nhis rept 0frs the work done A.riu, the months ofl?'o , Te$
s NMaxch, 1953, under Contract N0W-807(00) which oa11 f r search or
selected. methods as recomend.Wby Project IM 3$2-304/I--52, to profao
sodd'wu Perchlorate without the uxe of platimxm.

2, To date, no satisfactory sllicon-silion oarbile composition has been
found for use an anodle material in the chlorate-perchlorate cell.

3. Most of the Crrborundum Company anod.e samples have shown the spalling
or pol wization characteristic found before, and a few samples ezhibite&
rapi erosion as reported. in Project NR 352.304/Z-.1-52.

4. The extruded Durh +2 composition quencles in molten lead an the 90%
silicon-lO% silicon carbide composition, previously reported. a promising
(Project IM 35Z304/2.--52), were investigate& further an. were foun vU-
satisfactory after a few hours of operation,.

5. The following calcined. materials impregnate. with silicoM untewpered
Masonite board, Homasote and omrpreg, were found. to operate at a low voltage
and, to make perchlorate at a fair current efficiency. However, after a
few hours of operation these specimens slowly polarixe.

6. Certain of the non-roding ilicon-ilicon carbide compositions show pro-

mine as base materials for massive leaA dioxide plates.

7. Massive lead dioxide electrodes have been ruocessfully electroforme.& from
a lead nitrate plating bath in shapnes an& sixes suitable for use in the
chlorate-perchlorate cell.

S. Tantalum has been the most satisfactory base material used to date for the

electrodeposition of lea& dioxide, since it is not eroded by chlorate-per-
chlorate cell electrolyte, which is able to seep through pores of even
massive lead dioxide.

9. Metals such as nickel, Xonel, copper and. iron, when used as bases for lea&
dioxide deposits, are rapidly eroded in the chlorate-perablorate cell.

l0. Synthetic magnetite, silicon and Durhy materials had shown some promise
an lead dioxide base materinle in previous preliminary tests.

1I. Massive lea dioxide anodes hbave ben teated, in the chlorato-perchlorate
cell at 3 to 10 amperes for periods of up to 27 days with no failures and.
little or no erosion*

12. Massive lead dioxide anodes at a current density of 0.1 amp/c 2 operated
at a current efficiency of 50 percent in the sodlium chlorate concentration
range of 600 to 100 g./l. kt 0.2 azp./cm2 , the current efficiency rose to
from 65 to 70 percent.
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0 13, Vv. of the tanuava us*e as ciuront oaxrier to tbse lead diazd ia pI
the~ choa~rdlrt cell yresJto in moods eating with ownu

* , moderate otwi'ents.

,j ~~patd O1r a"The at f e a embls poatese ond clpsls curen ontat
a-inst the lead dioxide proved izladequLate in V1e"Azting hesting in

i. the Contact malrea. r ltsa4,cap se~en olat 4
15. The vast satisfactoryT awont contact consi.sted of musiye load dioxide

otherwise attache& to the u~or enA of tanta.'= rod, pl.ate or screen.
The free ends. of the nio~el wire then served to ewy the ourreiit into
the lead dioxide in the chrat-porchlwu-te cell. Mhe t~.r end of

7 ~the lead dioxide anlode containirg tbs niocel wire is above th sodium
wchlorate eslot'olvte. (too No* 8).

16. Mnodixed lead tubing was rapidly eroded in the ablorate-.perchlorate cell.

17. The following asiodis materials were found to be satisfhotory in the work
done in 1951 and 1952t tantaun carbide containing 17% platinim by weight;

* the mtineral pjlttuarite, and. naturally occuring massive lead dioxide;
and Platinurf.Plats&, tantalu Shet.

1.8. &Wiples of bearing materials (carbon imprep~ated with yais xetas),
silicon ferrite, impervious Xaphite, zxtvral praphitog gold and silver

vatfound. to -- erd bpd

19,P )iennits (t 3*2)sh~owed very little erosion.

20. A nickel ferrite boule showed no appreciable srosion, but conversion C
of chlorate to perchlorate was verr low.

21. Polished. plate glass saimples with a conductive fila on one side failed

-22, Of three different samples of tin oxide blocks, one showe*& no appreciable
erosion with operation at about 50% current officiezor.

1>,
236 Samples of oondooting 8lAsses and refractories either eroded. or operated

at a very high call voltage.

2.4. Samlas of presfed =&d fired, mites of lead dioxide and maguits showed,

25, Several thone"an inerals Vero tested for electriwa contivUitZ. A :e
:~~ ~ of the %ore con~sztiy ones hare been selected for testitg, and. wberi. these

i~*~tests ha~ve been .ryalwuted., a or , ioal 04"etSion will be made from tbe
orlexal list of cnu~n iesa
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1. No anoee material has been foumd to date that works as well as platinum 

for the prodaution of perchlorates.

2. All sillaon.-slicon ca'bie compositions tested. to date are unatisfactory
as anode materiale.

3. Massive lead. dioxi&e generates perehlorate at high current efficiency and
with *very little erosion.

A, Considerable progress has been made in overcoming the greatest detrwent

to the use of lead. diozide electrodes, which Is the lIck of a goo& also-
trical contact between the lead dioxide an the current lead of the chlorate-
poroblorate, cell.

5. More work is necessary on the current contact problem before massive lead
dioxide can be used in commercial size cells.

0-
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Xt is, z'ecomiende that:

Is Touting of' siliconl-silionf carbiao comositions ani aInoas )aterials
be ciu'tailee&.

tJ ~'2. XIncrease. em~phtasis be placed on Ueyreopn thie mosiv. lead. dioulde

~.Testing of miscell1aneous ano&e materials ontine.

47
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HOW 2ehd f PreMaz'i

~ VThe anode vaterials submitted, to Peonsalt for testing by the
Research au&. Devlopment Division of the Carborndm, Company
consisted prmrily of ooppositions of silicon sad, silion
cusbid. These comupositions ba* been given the trademark naoe

"a b y the Waborundnm Company, % o general metoas of fora*-
ine these mterials were followed:

(a) Cold pressing a ininture of silicon and silicon carbide fol-
lowed. by sntoring In a protective atmosphsre. Vari±ations

in t~secompositions were wus by- oh nging the silioO2-sili-
con carbide ratio and. also by combining addition agents InI ' the ix befors pressing* This prcfuot in dexsipnated Dawby #1.

(b) XWegnati5on of a carbonaceous bodVr with silicon metal byr
placing the body into a bath of awporboated. mlten silicon
xaW.' The silicon metal Impregnated the carbonaceou body
and reacted..with it to form silicon carbide, reulting In a
Wady wlkose components are silicon oarbide, silicon and. some
free carbou, Ohis mterial is cale& Durby #2. Vari.ati1onsC) in compositions In the Darbhy aterial were m&dU by addiltivs
to the silicon metal andby forming carbon Wie from &~if-
ferent aterials by carbonizat.Ion.

Some anodes were treateid thermally, chemically and physically to
produce variations in rurface and Internal structurer. (1)

2. AUMAZZr Of Zrayii o hne Mgfer 1951 rjOa pt AR 157=631/21 6,1

In 1.951 scr'eening tests an&. the operation of a 10 ampere cell
showed that Dgrbr #2 (silicon-suilicon carbi~de mixtvires) produced
peXrchlrate with little or no normel surface, erosion: howver
this matoial. was alwas seriously damgsd. by cracking and. sbat-
tering upon electrolysis. This offet was particularlyv noticeble
at the top level of tbe electrolyte. With Dux'by #1, polarisation
of the anode rapidly occured.

Inl 1952, 52 samples representing 24 different kinds of materials
were obtained from Oarbo =Andxm Company miner the Pennsalt.Cabori.
=u contract aireement. A~fter tosting as anodes in the chlorxa- f

p ~poroblorate cell, most of these samples again shoved the "Mrsin
or pilAriisation characteristic fo*=& before# and a. few samples
exhited vapid. arosion. 11oweyer, A extmW Durlq #2 compasi.-
tion owanohdi ot loAt Md a 90% silio-l0 silicon osazbido1 0 doxpositi Lo shed sufcient promise, to 'be Investigated further

COI"J~iLNFA L -
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(NOO Vb* POAiQ iA 2. p) %9 the oza ort o.5 s. atipoturi

0,~~4 del I" '

IDur1ig the pbriad roYA ;ea07 lot to X)r~a3o p~.S64 u 200

Teolvide o the Oirm u%~ 0omwy mod,- tested ia ma

Ini 1sUImS17 it wa, fowud. that theme xtoras shiow*& oox~iGewabi.

polori'su.to Uw ios, rsp y t)menb etoe, sand *O* . Opon'te.at
* ~~~~o Coll volu w2.tqng aa ~Perorozate fft a. cow&e1 e lapxvo

tise~efre xplo~b~z' pekllv~, te proilug teilf
were oalcinid., mt.2d Xasonite, 6osllod NomaSoto &vAd pl-
04nod Oou'e, sal imp4AMM4 with silion#1

rAe Mwir #2 4monabod 1I aoltim le&ad )as bmonelisimted tromk
further conal~ewation, (See Wornk Doss In 1952), sluie tb* rss!642
lea" conitent wa* shmme to acotimt for -5.1s oain2r tvzit opomtlen#
After tbe liad is erob& away, tbo quafshie electsom 'bbAve
like imqmnoihed. Thurb #2. NO fortbor work is amteavUUt& with
those 2.oad qun*We Dary #2 aeq oitis 'becuse of their ezpl&..
ing mA& epml1 obas ecteristic after their lead onten1t bwe ome
inemor"4.

To date nio entirel~r sat.sfatonjr u5.iimloon.02 earlbid oxpool-.
tion bas been fo=m4 far use as anods material in'U th orate.-wh-
clorate cell.

The detailo&d tests of x1liou-silicon car'bido xmterials M,) *
1952 and 1953 are ahown In the following tables Accarting to the.-
different categories given 'by the Carlborundm 0o~a

col r -*s - sitored 81Si.ic wsee
2 Silicon a1107 1jn'.aptio21

Vrations in oatbol1 bases4etn MLU't4~Anb troUAM

7 Oast silloon
8 wiations In ph~m imniu

N," o& phito or oainbox,

(i400 al) eamh *qdzpp& with a r4Msm a34 toile. 33 lri
tOg up lestor t*ohth 1soa3* 00il cum 4041m~ 4%ort
0lootrovu~ (46o1J) "1 kept at a p'theof bit ="O Too,

~~.. Etairl1OS3 steel oathe4.s *e UW6& boiB 13el-a $a place vr
4*;#001 ,li?&. Whe~vur possibale, four to six **I!* wine op2waio l.

(* x ~c3 plo wat ibso onrscuttiOr. with tbe fttoro xubz'y
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The silioon,-silicon carbide compositions firecd in an, atmnosphere
of carbon monoxide either ga-m -very little erosion ot no erosion

V at all and no spalling. A few very small explosionh were .1.
served with some samples. Similar compositions Zred. in a h~elium
atmosphere behaved lilos the carbon monoxide treated compositions
with very little erosion a3d no M~losions, The call voltasge
seemed. to increase about three times faster with thelblium
treated. compositions than with the carbon monoide. treated ones
(See P'igtwe 1). Thus It appears that the carbon monoxide has at
beneficial effect.

Nowever, the hi&h specific resistivityv and polariz:ation cbarac-
te rittic of these materials eliminates them from consideration.

The beta silicon carbide, silicon and carbon mixture (No. 1-33)
and. the silicon, silicon carbide and. manganese dioxide mixture f
(No. 11)eroded. very rapidly (Table I).

All. the anode samples in this Voup exploded, causing early and
complete failure of the anode (see Table II).

Of this group, a amples of calcined untempered Masonite board,I
impregnated with silicon (No. 3-7') behaved well, operating with
no explosions and no erosion at about 30% current efficiency.t
However, there was a gradital increase in cell voltage. A

The following calcined mterials impregnated with silicon behaved
as follows: Wood doweling, no noticeable erosion, rapid polarize,. k4
tion; bamboo, erosion with one sample finally breakcing off at
electrolyte level, about 60% current efficiency; Nomasote, slow
polarization, a few Mxlosions blew off som= particles of aniodeI' materiall manila rope, slow polarixation, failed by, breaking off

at eectolyt loal;sash cord, slow polarization, arosion;
Compreg, no erosion, cracked at electrolyte level; mailing tube,
erosion observed; and hardwood charcoal, explosions an&, heavy
erosion noted.

All of the porous carbon and. graphite samples impregnted. with
silicon eroded. rapidly with no call explosions.

The Durhy material made by siliconizing a carbon body forme& by
ecctrudliig a mizture of wheat flour an&, carbon powdor showed.

~~ I severe spallitg. Also the Thzrbv material made by si:14conizIng i4
4 a carbon 'body f ormed by casting polarized. and showed slight

spalling (se Table ZX).

104
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CONFIDENTIAL

Al ~ bse~ foM ~b2. ITSal. the u$"PION of Da~by #tSte

h~mneorquncIMh t tm oprmtat with avlosionst it1e
V. QaU~iI~ OhW2ft Of m2oUmtor~l to Ual off a, foaziing the ano

se~ls to blow. ayst, ezoept the oxtrM*4& Dtvarh #2 qnochet.i

This IsPA "nao4 Tho'i f2 behwre& ftyavoablys operatinig at low
cell "l~g for 14#.5 ha=%s with some sromlmo of the ImA& *&om

one large piece of aoe'When the lead was xromove& *rox h
sleby zoldng Ini 35% nitric oa for 3 days, it bhaved like

D rbyw 2 with frequent saploionx , fhixs it seems, Oat, the Io"4
content of the original. amle was Vesponsible for the feiyoable "
'beha~der of tWe leA quench& Darhy #2 (ne* Table iY)i,

Day#2 samples treate& "by an aqu.ons E-$0 mixtwat. by a
aqueous HY solution and by a ocatic solution showe& rapid mwfe
erosion =&i spelling. 1* explouions were Q*bueacyAo

Glebar heating sections, treated by aquous RP &AiC by 2%itrvic1<0 ac*Id& erode sappr~oiably partioulaxly at the electrolyte level
with the sW~Lsv finally broakirg off at thin point.

ktrmWe Darby #Z twbled in SiO rain and also In A1.3 fii
operated with * we v peing and umrouxs explosions in %be oeU. '

Decrborised Diwhy #2 polarized as M5 a sampl. of Dqrr whmfAOG..
=oothe&, with a Idiasozi sed. The latter somple also shmSe&

slight "111C (see~ Table V)s

Jom .le !zmmm~ts CohaI' U"~ MUilio) aAl ONt2W3u

The Oloba beat in sotioni imiragnated. wit), fin'fial (1*. &.14
with linseed oil two. 6.3) with silicone water repllat ro. .
AMd with PWaraff in (O.O 6417 aptratd at too high a col vToltage
to be aonvidered praotioale

The ThwraV #2 samplex l~*'epated with 1intd. oil (IJo. 6A.) witk
silicase water rapellant (*o. 6-6) an& vith. paraffin. (No. -8)
operated quietly at first in contrast to their wal Uiyio~r I,
after atfw hours the outoaxary spaling and explosions vare eaU

A lobar heating Olomts coatea witb :platiia (To. 6-~operted
*with tUs cell yoltage tmceasWn rapidly after ow *Wof eleotro.-

lysS.. and with a slight erosion of mnods siwface '(e table VI).
171
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CON H DEINTIAL.
A cst ilion etl rd. Wo. 7.1)polarized almost Immdiatel.y.

A.rdo as iio etlta a been melted. in a helium at-
mosphere (1.7.-9) behave& iilry showing no erosion but
polarsiig rather rapidly (see Tablea VII).

A sample of three thicknesses of M.asonite, welded together by
* Impregnation with silicon 'No, 8-2) failes& because the individual

I " rs separate&. (see T~able 711).

Graphite rods coated with silicon mabide crystals (No* 9-)
eroded through the SI.C coating, and. then there was severe erosion
of the graphite (see Table VII).

In this group, the carbonized. Masonite (No. 10-2), the non-porous
graphite heated in molten silicon (No. 10-4), and the Eefrax m&e-
terials (N~o, 10-5 and 10-6) eroded. The cold pressed silicon car-
bie recrystallied in helium (No. 10-3) and. the flurhy No. 1. rods
with no free carbon (No. 10-).) showed. no appreciable erosion but

* operated. at Increasingly high cell voltage (see Table-YIIn).

B. Lea Dix d Rrvolu n Mase PlwUar 91 esc&M35Z

In 1951 lead dioxide plating was attempted from the following
baths: lead. nitrate, lead nitrate and aluminum nitrate, lead.
acetate, and. alkaline lead tartrate, No satisfactory adherent
deposit of lead dioxide could be =Ae on steel from a lead. ni-
trate bath. Several baths based on lead acetate proved unsatis-
factory for plating on steel, Monel, nickel or' tantalum sheet.
A1dd1tion of gelatine to the plating baths did not seem beneficial
at the low current densities use.. An alkaline lead. tartrate
plating bath was developed to give adherent deposits of lead

4' , dioxide on the albove base metals. AP few screening tests of lead
dioxide plated. electrodes were carried out in a small beaker
chlorate-parchlorate cell without conclusive results*

In 1952 it was shown that anodes of electrodeposite. lead dioxide
on base materials such as Monel, nickel and steel, which are tea- J
selves easily eroded. in the chloratb-p3erchlorate cell, are not
practical, since the base material Is rapidly disintegrated as
soon a8~ the continuity of the lad dioxide is broken, even at aI

* pinpoint. f3rief attempts to prepare a pure electrodepositd. loama0 d&ioxide anode by depositing a heavy7 coat of lea. dioxide on copper*'
and steel an&. thet dissolving away the base metal with nitric
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QOFOpFNTIAL.

Swer'al Ubths wwro Oi*1l9e4 fo~pM1ic 3^*4~ 4.ci Olt a a* .

must~ ~ ~ ~ ~ ~ ~~ lii *2t02$u 114t' a ftl *se2olt

ooll*Ato ead fro w4u a b4best A a 1"Lt v.am 4toid

telift of 1as4 00o14 t&t2tlm .4s1~te@~t

the &ZO420 fta t. e to tb* lwdk 4* LT~Je iatier
thAm sxootb17 er'oding* the mx1mm oblerate-peoaletato vell

frm 0.002 to 0.008 Inohs, wait eis*t 4*vs,

LvA4 dioxi4* was.VAT Plated. *A1 Io7 ft Um ., ktioa Z-Ai.
of *bos* plAted. =*Uds in Uhesiatp~olw e oel2. W*
fioies2$ Promise -to. var'at fther istvid7 Depesitia of, 13.4
41o~cd* on Durbq #1 Uase (Setion 146-l) couAl not lo- etiuibetuSrl

A s~th, M8~rmt 41siet4posit of lm&l 4iaiAt omes ulcs

ablorat.wpeoblate coll 'uatil Us. silicon1 sbattoed as the. cm..v
v t1=1ty of the thin 2aa& diazits d~eouit was Ibf*.si

Ptattnerits, a rave,, naturally ocovrW smmci. le*ad dioxI46.
oerated, saoo~th1lr as sv4A in theoh~t-irbw coll at 'a

A ~lowvvotage without sbatteig wA& with very, little oosia

2. VW1i' A 1Am Z21.v 7
Contiued plating and testing of relativelr Wub UA 4eoz(
oatings (~1Omt 0.01 Inch maIzm tbial)oss) v ennau UrM O.

4dics& the vwa rratic zjoults at notea In 1952. Oa# oleteod
ran for 1292 "~ in the o Ias~-perchlorate poll& &'ranrt
density of 0.1 amr/or..* with an~ aff50121 of 4809 weetd

-~ V A mabar of othor olodo4ss plated In the -sam xmm opewat-A,J for as short a time as-a foIn our Wafre failmes bY taz.Ualuza
p~a~sat~n s~2~ aki &Wz~ a t of the lea& &1A1&e. caing..

In vuiw of the prowisingvestlts Otatao4 in a yrelixiba,
4 ~~: test of a xAtW~al3,, ooom1ig maSSive lead u&io* As'auode

it the oblaratow-prablo1'ate cell, Wfort was o tred3
oleop2Axt±22 Le*ad dioxidA in iasire forms on #ftvlovw b
mettale, fble VC shevu in, distall the plating audittcAs -tot
these mosive electrods Inc~vA22( tnpns of bse .aator~a

andG cIeSIOs and weights Of~eposits, )'frst effort& W"
d.1ritea towarO. pltinc the load diozdo on only one 814. Of

~C ) &'flat Uase metal Vy b4*149~ off the *4.es ad baekwlith aa

CONFIlDENTIAL _ __



CN ON FID ENTIAL

inert material such as Plexiglas. It was hoped to strip awa7
the base metal backing to produce a pure massive lad dioxide
anode. After plating electrodes 1913 to 1D (Table iX), the do-
position of leIa dioxide on. only one side of a base metal was
abandoned due to the brittleness of the lead dioxide and the
failure of the blanking jig; the lead dioxide grew in large
nodules along the base metal edge around the sides of the jig
and also through sealed jig joints.

Heavy electrodeposits of lead. dioxide were readily made on tan-
talum rod without any nodular growth or treeing in the L-2 oath
at current densities of 20-30 smps./ft.2 and a temperature of 7000.
Massive lead dioxide deposits were also made on flat rectangular
sections of Monel screen and tantalum sheet, gauze and screen.
In these cases there was some nodular growth at the edges which
could be cut away on a diamond-edged circular saw or ground down
on an alrasive wheel. Tantalum screen of sufficient weight to
remain rigid and flat in the plating bath is now considered the
most satisfactory lead dioxide plating base because of its inert-.
ness in the chlorate-perchlorate cell and the interlocking afforded
to the lead dioxide through the screen holes.

During the plating operations it was found that the addition of
0.5 ge/l. of copper nitrate, Ou (I03 )2a3E.0, to the IT-2 bath
was sufficient to prevent plating of lead on the graphite cathodes.
The addition of 0.5 to 0.75 g./l. of gelatin to the LIT-2 bath had
a pronounced effect in reducing the graininess of the lead dioxide.

0ti However, the massive deposit had a much lower fracturing strength
as compared to that plated from a gelatin-free bath. Rtede& ex-
perience has confirmed the observation that the efficiency of
lead dioxide plating from any of several baths is practically
100 percent with a freshly prepared or replenished bath. Litharge,
PbO, has been used to replenish the LM-2 plating baths after each
plating. To date, no attempt has been mwis to maintain the ini-
tial pH (3.5-4) of the lead nitrate bath during plating, so that
the pH dropped to 0.5 or lower* and some nitric acid was lost from

• the hot bath by fuming. Thus, in replenishing the removed. PbO2
with an equivalent amount of PbO it was necessary to add some
nitric acid to dissolve all of the PbO. The composition of the
LTZ-2 bath is given in Table X. When plating on a flat base, at
constant current, the area and thus the current density di& not

change appreciably. However, when plating on tantalum rol, it
was necessary to increase the current in finite steps to mai'.
tain approximately constant current density.

X-ray diffraction and spectrographic analyses were made of portions
of several of the massive lead dioxide deposits, and the results
are detailed in Table XI. In all cases the deposit was identifie&
am Pb02, with lead as the only major spectrographic constitueet.
The minor constituents were not especially significant, but it was
note& that nickel appeared when the deposit was made on Monel screen
or on tantalum roe& with a nickel wire oilea& about the upper en&.
Also, copper appeared when the plating bath contained 0.5 g./1.
or more of copper nitrate (see Section -
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CON FIDehTIAL.

LMA PIMIDA PUaflG "MH

Nam - Acid Lead Nitrate

-omi LIT-2

Lead Nitrate Concenration1 - 350 grams per liter pH -37

Proparr 'Aon:

t 269 mis. of 69.9% nitric acid (266.5 ge. IM03)
1000 212. distillea~ water
fr?Z g~lo lean& oxi~. I bO

Add the lead oxie~e islowly to the diluted. nitric acid with
strrinig* Dilute to 2 liters, and. heat to 75*0* with stirring,
Allow to cool and lot stand for twelye hours* Pilter through
mintered glass.

44
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7 ~~ ~ SV LMA Zm0r~ DIIM OMOO CAITS

110. Reference Azus1lyuSo

1910 714652 94-97  nb02 Pb A3, Ch Ois 1.s

1367sl112 Pb02 Mo cat Ou h, s

19? 136723"1 PbO2  * oat out sitAl

29.9 2.363M15 P%-02  Pb S

Ilk 2.99 1365t175 Pb02 Pb A19 AC, lob 319,

44
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A =*or Of 011"~s Iwo~ X0 51 US vrftoa$le to jstooiu
the Above Xaeeive U"a4 dlozifto "oa in thiq
@blonate 4017. s am. to, tbat tolAowea with tbin .Uc..ot_*
*posits of la 1*04 in-~. 19520 h no~ 00119 eJ*& 0bW

of oor416tvialshieling from the motor. 1tas
fouA v~ovarytoprovide any sxwfw. prootctoni for~ the

massve Ila dal" mods Wij as a Ul.iooz* gease oeatizlp
or' !7Typ sl.eeves at the liquaiar interface, which bad Veen

vxo&to rolog te cl ife of thin 1sea. dimdd. oeooto&

Uble II lit# e rnt efficiencies obtained with massive
load dixd ndo nt*olorate-prchlorate cell, The
4l00tV0%Y~Si W60= 11out batevi$e At 3 to ,0 MpV~es in4
oells co2taini)24 1.0 to 1.2 liters of a 600 to 630 gell, obdua
chlorste sluition1. Me dopes of convers~ion1 of oblor'ate to pr,
chlorate was cheecke& at 24 to 48 hour Intervals by volmoatri*
a2alfsis of a small aliquot for oxidizing power by the bWomide-
ioidoe-thioxulfato mtho&. Th most #axes, th. oloaltrol~vis1

waz continuls to zs.4uoe the chl~'ato content, below 3100 g.l.

4 with fresh soditz dh' nts solutiont and Use testing of tbo
lead. dioxide *Aodo in cb owato-perobloz'ate eluootrolyv$ co-,
tim~a&o All electrodes eiopt, #201 *we iuitial .%peatit
Several times at SAn anode cut doinsity of 0.1 avp*/G. 2 0p st
which valui the aveaue aoul I s~nyi he sodiva
chlorate conoentration vage of 600 to 100 go/,, van pr~
mately 50 prcento Therak fis -a smal im ase In awralt eff.
cioney with baesiv tch olectrol1750 at 0.1 ameI'ja .Va

r " .i~enty of electrode #X93 was icesdt
exp.k"/oms the =Moent offiimcy In the suis oblorate cobm

ettfationl rawg raoe to fom 45 to 70 percent. Also, there
was a notia~ble iwrae in m~ren~t efficiency in the early

stages of eleotrolyis of sucsiebatches.

All cells were opertted. In the aid ruog by the aval sMition,
of 0.50 perohloric aid when necesaazy* It wax soon founid *A
the aid mmqirement of cells oporgn'tisg with meiv, 1eal

* Cdioxide szod3 was wuh let than. those, preoouy Operated
ith anodes bAvIne a thin. (about 0.01 itcoh or lots) deposit, of

1o&4 dioxide. A*.vosa It Table.,: #.proziatsly W0 vmis. of
0.$X parcllloia uld iiitionl was neossoarr per bwa electr.-
LySIS at 0.1. V,/6t2 t buxt at 0.,2 ampi/ om2 no acid. amidtio

was nosscryo7 -and the cells a=tovtIcally #AdjIto& themseiveaC) ~~~to apVU of b.-.Zinses where thec. pwa i the caus

11 4* z *
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vas ;row to U fttli Of iie a gil* ~4 Ub .

101'.l~ within: ten
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was othemise no &*tsok an t00 Oa*- W 8I1 e0stil~ts ia al2

@~iU 1~d. lo? & Sl520.Volh~ xose of 104
d4LoXUW =o*Us on .2*o'e2eis in -tbe eoap1-eO63?to
0011 fcw PeIois vp to 9 4375 02 * o2tbu*zS *do~ woe~ mji-

imena wor In velilhingam ulag theo posswbilit or a
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Ofe iot. of Uhsin Is"U=U44 As smeculn !abloZU X211#ibsw-
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(040 WINbles AO IZUd ) for tiis awn at Oais's with an

A ml~or aonlstitt.' Th qya4't.&i vleu ita K -rmthe Sam
sel001 veyoea no s Ct*Ovp dc 4a of lead.. Xbo, them we
Lead.'trox the anas Oui *9 pated qut dai tbe. athoUe a' fa 'A
Au ilisolubl U onw~'m

VO to tUe rolatLY01 high COM6b4% woxistaas of load aixo's.
eSPOO10117 to tsataW1A wtich '*w appeas 'to to moet fTb

4 ~for vse as a load &dIOA~c Uv~~ ae, the contrirfive Ofaw
wob~e~no~be t" UZd r* .0=01%t cantact bus t*m

a oonsdob'lei pd'e'o the rovea&c *ffowt, %Uols XX.- *Ad.

xYf Ut tUs -wis a eth"% .W ~, to lorlu *owftet Into tW
masiv* lea d.iozw~ .l*1#*% f* us. of metal VVOOS%*7

U plates &21% a& OUamp OfsiXst 0Ae MOttd. %of"o at tbe lead

area With even waeate ww'eitu. Otaue of alow xelt~ag
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W&W* wi eorwor ia~ 4W to a , OZv0

wIVO vomew* b~alW aa i4t vat U066104 *0 W3*O40 the 0.6
of 04 metal fttin frol 5iam5sifl or" Wm' ODA"@~wtht

~4q~i ~ *oi.cel 9leotr.l 0 to ot'e , ge am

~~ th~e nost !%tillbtory garrot con~t~t 4,4U)& to &m;%# 5st
of must5.V led.4i9Ib pAte& Ovo O00 b* atN.T 0-000 *61
of AU$001 wirs tiatt)' wQo0.4 aro~i& at othe~a atahS
the VMVe ein4 of *Mtt~a *4, 3?A** (W 90*44o. !hW 3Iqrtif
ef~ths olqtr~odo coanin *he .mMUs& At",4 dre rasa~i
aboye the o)*trol;te leyo. An tbA~&@V~
Oni tbo f~msle4 Alotrobm bmw fro e-dso te~o* . q.
somd to am~ the ol1~T.2t Wthe US 40,o1Gle 2hm '10

em modareato oamens 5in theo.a.pml~t *L

ften'VASSiye lead dioide was plated. o-fo X=03- smoen (1Psto
4 #1949 able 1I), the X603.l qerved abepatel to OWr fth SO-

ren~t into tba%" edioid ftwing 4z Wm~ ~ l*t. 5in the ohlwau.
Pearolate aell. 11er, when the eletode Vas )tehe*
open after 11 "1s operation at 5 &"ree, it4 ia fovm. tbato the~V X0401 screen Uase hWad coom1.tlro eod Wp*" blw the
elentroxyte uvol, leaving voids in ihe Iea" W£$OiI .04
"COtrwOmli)2. 87111v of the vrolto~ .*on tbse bo

eonl 1itnauos niohl was fo=M tob be at:w owistituent sa.
*OPper & minor constitent., The Curr~ent efflolmwy wae 1400

tb&Awitha lAntalvmas " 4=40

P.aid storW~ battery gril., vez'o tested. Ax =94%s in the 419V00t-
peilrat.*ill. Thoe loiroft QQom ltO of0 ~4W&3r

bittr~ oboot i that lot OOWjactoi loft& 4±o44 i PA 14
which was bta14 as 4 samie from Itectria Storak *t44zz Qo.,r
fthlal#~Phi& Zn aoaat ion, the anoU pfttion abor th: 410-0m
trolrta lovel heated to &abaft 8000o :for the first Wor to'%*"e
)wasi am& then ran cool. The e otriolrte Vat :J4,~t brown A*'bW
24hobws, Th ano4ft W3*4t 0 Vh=8' dAize 0 to a s i$OPA
of the Sujortz l.ed ivii at the volntio"4~r -Stormo
aPA thi le" orld4 tbrom~ftt the imz& portion of the -Andoe
was so1ia"4~ eodoke&. qnnr1"Ot at oeoy 39, oom

lePad.4~~ Ul. Wae MW 1" tU%0V%$ flrst 09*4*4. $4 $ o
09a~t ilu $ &.tlzomj.e.I 5er* zt4#

InA 30 S,/l, ue&S.T opwai6.s#~ for atee 0AM

CONFIDENTIAL



?$g./1. sodium carbonate solution for? on. hour. A White coat_. 0 Sing with brown spots was formed. In the cy=ad bath. This wasOD conrted to a velvety brown coating In the carbonate bath., On
testing In the chlorato orchlorato cell at 0.1 arzp/cmg more
than half of the coating came loose and. was dispersed In, the ell
within, five minutes, The lead tube was rapidly attackedl and
fu~sLV lead, was plated on the cathode. The electrolyte turned
millqt and its TH rose from 3.3 to 10. Thes =a results wore
obtained with an initially allmline electrolyte.Iv Wae& __________ Lel IO~d

famats. The specif~ic res~stance of these dense samples was
of the order of 200 x 10-0 ohm-.cm. The specific resistance of
porgin samples prepared from storage battery oxides was 7400 x
-10-0 an&. porous samples, prepare&. from pressed powder was 14,200 x
lr6~ obiu-cm.(see Table XI).

Thma maeeetia contacts to the lead dioxide sample by I
(1) copper wires were cemented to the PbO2 with conducting I

*$Mont

(2) thin strips 'of silver foil were pressed directly against
4 the speciment or

(3) gaist rea onIts s'urface, onto which a thin ).a~'r of

gold has been evy porated. rpriso9~~

dioxide e by electrolysis of a dilute lead nitrate solution.
Hofound thq specific reitneof led ixd obe92xIr
t97 x 10-0 ohm-cm. with a positive temperature coefficient of

0.06 percent per degree in the range of 22-840.
At Pennsalt, the specific resistance of a massive piece of lead
dioxide (5.7 am* X 2.5 am- x 0,7 am-) plated. from an acid lead
nitrate bath was measured. The original nodular plate was cut

tact was made at the ends of the dense load dioxide by first
wrapping on copper foil and then tightly wrapping thin copper
wire over the foil. This was pressed firmly against the lead
dioxide by scraw-tnpe hose clamps. Current was passed through
the lead di~oxide (4 and 8.6 amperes) and the voltage drop acrossa~ 2.54 cm, length of lead dioxide was measured by pressing
probes leading from a nbioon potentiometer firmly against the V
lea dioxie.a The copper-ead dioxide contacts were not vatis
faatory,f as evidenacd 'by the fact that the whole assembly- bec=e
hot. The specific resistivity according to these, Aeasuraments
was from 4o to 5o x lo-6 oh..

I4
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SPEOIrIC ISISTANCI AT ROOM TZH ATUMi OF VARIOUS SAMPLXS
0 } LO D DIOXIDZ 00,1PAM WITH 0THM MATERIALS

Specific:"" ": -''Desaription of Sample Resistane

Jja 1!2ZftPorous Dense
Storage battery positive active material,
46% porosity (2) 7,400

Pressed powder, 32% porosity (2) 110
Electrolyzed from lead perchlorate (2) 94 60 o 405
.lectrolyze& from lead sulfamate (2) 1,200

,,,..., :. lectol~e& from dilute lead nitrate solution (3) 92 to 97
Eletrolyzecl from aoid lead nitrate bath

S('ormula LN2) at Pennsalt (4) to 50

-,0 bae~ HAterials
j7~\Graphite 800

M ercury 96
Bismuth 1152 "? IPlatim=t I0,5

copper 1.69
* ~Silver 1.62

II

3 0

A ~ Li '.ul
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uTha e ,ad dioxie )as caraotorissls wWha moreC AearI
amwad thssof aotels than those of memi oductoro, Its

conuctvit ism~2h hiher thn ftat ofmost semondnators,
an&. deoreassm it terwature 1 oI& oie.fgr
conducting~ tAM gaphi~te (800 . P oham. a d.tspefi
resistamce 3.w about .qoxal to that of the poorly oonuOtizg me.-

:. f tals such as mercury and. bisith.

W. H. Polmor (3) measured the specific gravity of lead dioxide
eleotrolyzed from Mu~lte load nitratte solxution. its specifico
gravity at 2000a was 9.

In the present study a massive piece of lea& dio~c4 electro-
lysed from the a aid lea nitrate bath (Yorinam MN2) Mad a
specific gravity of 9,32 at 2400.

w. x. Psamume (3) found that the Mwdixess of electroplate.
lead. dioxide was "between 5and. on the M(ob sale.

In, tba present studyg the assive e#ad dlioxis plate* bare been
bard, (not measured) omixing difficulty in xadbining off noduss
formed on thick plates, 9uch samples given to OarborundumO Oompwny were found by them to machine easily in the foll.owing

8" diater x IR wideq awe

(2) cutting with a mestal bonded. diam~oni whe1 No, 180
8" diater % 0.0450 wide (60 alito 25 co nrationi

i~, eviw o 3 ast 14fr= a~ Wain LeA~ IZd

An apparently sustained effort on the preparation of leaad ioxide
electrodes and. their application to venious electrolytic oxidation
proeses includi5ng the production of sodium peroblorate has been A
carried on by various Japanese investigeators at the Tolqo Institute
of Technology for the past 20 years. lbhg13.h translations of tbree
papers and. a Japanese patent on this work haye recently 'been re--
oeivad.

The first paer by Zato ancd Koisumi (6) was published In 1934 aai4 K is titled "A Now Pro*e*s for the Preparation of Laead Per'oxide
AnolsvcA 30 percent solution of lead. nitrate containing a

hydrophil such as aelatin was Used for a leA dioxide plating bath,
mad. It was recommiended that the ath be opnerated. at 8060. and an
Aaob current density of 100 apso/de.2 9 (929 aWps.6ft. 2 )O fte
lead. Odioxids whiah, was deposited. on raphite and. nickel wa% usa
to be very, fite with no pores and was "Ase in flat plate* up to
20 'by 15 a%$# In a ailonion of o'3qgen ovrotg it "a stated

CON\ 5) 1EN flAt



that "%?yAle fo' U44& 4J1o44s was 0QW ~ b~i~a~

ofte p~t "avas $wea.o A 50 woo, OOI1u f O mipSt/bt

o'taifin' of P"OontSO3Aobvosat was vs"i bojwirdb ubtfl
pOVO? 4t' t

wtth loft( oimSMt1 AZA"2O) au oup to", 8)~. ioh Pu~t-!

oft1 plthe Was~p $ndraa o3.k tof it M -of~abe01
the SAM &M= Of U-~t VS~3w $~o4 19'W -4440. V,.
"want ofoit~~ Pow".o~t~~ w. ~

sU~4wto e.~b~ abIa-okr 7 OIve, azep 1Mvew tit $

linhoe a $ apbnt. ora Ressat1ch pe for tn he1.44as
of S0&ona rllowth ~fNwX.like I.SA OdOpsW~S

1Li Vrt)k& 1ate *y1Saa CS'V iheproaso of a s4i tab,1 boto
"ts~ lowye the tato ~.Pobo PA.Um in2 1ot4~~ 1= .1..-000

tO t2ohyur oflating Uth 0t sii aOpwoatin. c.7zti~ato~ aae&. o117
of 26'r~o.a thoset deribad aove, t a e bt,4iie&ilw .4th tA

86 po20 oae*ao*2 of90 ohlowat.Z), top~~was a#0
caho waxr~ amplt 5or.~ a t?at cper s1@ =4. tep10iiS& a
was~ Plae& to thie zsssoi f o a a the of A109

othm effe&oi~* a asoea. t.o cal p otaw3. the 0ea0t
tosise tof 40 .owot sadito ahlwa Orr*o fp~$w

of 26*0.9 EI&a curen eficiencyof W~ ret asI1 OWns'at-
L -~~8 ercen2te to eos~io of ohiloa. t W aldvte ~Ath tudAz~ M

atoIwb mAo t.&hw Sead f ni ohPerclreatte.q~hf*

curran efficie was imoASS4e wao $s percetS W'i the.i "tw
arre&1a to 94 Paro comletio wbA, "4a1 .w'P40.e of P

(.3p2% f ara o 0,?2)WS P44 IAt the 0013, OOSsA5Ug i* POWa40

wtha tbo IVoda tiois ~tows two X., Xon evicieor , at
trimte t depoitio ofI~~ aso44 . 4 *t ft& tbe q~tho b4AV ~e%

LI lowie& the vogea baSe, e o f~~ %b~toe 60100e MA. vwra foi

gc'atorsaw oft~~e~ of pahlsal exss~o ed4e1. l

Diec [iorlto rOU1 f ov eawGtwsu
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trical connection was made at the top end of this eloctto4e to a

part of the nickel base that had not been remoe.,

Sugino (8) published an abstract'in 1950 of twelvoprevously
published papers on "Preparation, Properties, and Application of

-' 6 the Lead Peroxide Electrode 1anufaotred by a New Method.", Hi
* '! lead dioxide plating bath composition and operating conditiqns

were very similar to those described, in the above two papers,
A lower anode current density of 6.96 amps./dm.,Z (604.6 amps./ft.2)
was used., no hydrophil addition agent was added to the plating
bath, and the lead dioxide could be plate. on the inner surface
of an #iron" cylinder by using a neutral lead nitrate solution.
During electrolysis, the pH and. concentration of lead ion were
maintaine& constant by continuously circulating the electrolyte
through an external train system consisting of a holding tank,
a neutralizing tank in which Pb(0H)2 was kept in suspension by
agitation, a filtering be, and a reheating tank Vom which the
replenished and neutralized. electrolyte was returned to the cell.
The "iron" cylinder was out away from the inner electroceposite
lead dioxide cylinder, and the lead dioxide was then cut length-
wise into sixtoen rectangular strips 300 mm. x 45 mm. x 8-10 m=.
thick. Ourrent contact was made to the lead dioxide by first
wrapping silver foil around the upper end., an& then tightly clamp-
i"C an aluminum or brans strip over the silver, the anode lea
then being fastened to this clamp.

In an alternate method., the lead dioxide was deposited from
neutral lea& nitrate at 27-3100. on the outer surface of a rotatinrod which was covered with a paraffin-gaphite mixture. A hollow

cylinder of lea& dioxide was then obtaine& by melting theparaffin
an sliding out the rod. The plating bath for this use was modi-

'.. fiae. by the addition of 10-30 gll. ou('03)2 and 60-80 c:fo. x=10.

The lead dioxide anode was reported to be a good conductor, carry-
ing above 20 amps./dm. 2 (186 amps./ft. 2 ), and. almost perfectly
insoluble. On electrolysis of sodium chlorate solution using this
lead dioxide anode en& 18-8 stainless steel cathode at 20 amps./dm2

(186 amps./ft.2) and 3000., a current efficiency of 41% was obtained
on a 99.9 percent conversion of chlorate to perchlorateo The addci- T
tion of 2 g./l. of modium fluoride was found to .increase the current A
efficiency to 82 percent over the same concentration range. Direct
electrolytic production of sodium perchlorate from sodium chloride
was similarly carried out, except that during the initial stage of
electrolysis from 01 to 0l03- . the cell t emperature was maintained
at 60-6500. and a small amount of hydrochloric aci& wasd.e& from
time to time to mintain the electrolyte slightly acidic. When
the chlorate formation was almost complete, 2 g,/o sodium fluoride
was adaed to increase the chlorate to perchlorate current officiency
An overall current efficiency of about 60 percent was obtained,.
This method for direct electrolytic production of sodi= perchlorave
is covered by Sugino in a Japanese patent (9) issue in 1946. Po-
taosium chlorate was electroltically formed from potassium chloride
at a current efficiency of 81 percent,

50
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I The oxygen ovroxvoltage of the lead d~ido anOU. was MwasWIwedC~I 11; slfti aid at 30#0* at vaie'ioo mraneft dMisniii And
O~ri ihthat of Sno9~h Plattfl no j~V* fezr 10ad a=~.

4~~wr f!V? O~.omd, be'n somewiatloe thani for pwt~inum, for examplo,

0.16 -volts lower at I. amp,/64.7 , 'apft) o additioni o
various amounts of b ydof1,Xcric 4ciao it was found that the over-
yoltage of leand dUoxida increased with the loprihm of the oa-,{ c~entration of b~drofluoz'ic aId,

a* 9-1e~d 19x2Poue An 352-32ai

Anta= C~jijcontaining 17% platirnum by weight obtaine.
from the Carboloy Department of General Electric Company gave
favorable results with repeat s&.- testis. Anode. loss rates
vaidfo 05t 0x 05gasprapr or and.
current efficiencies as shown by electrolyte analysis bare been
as high as 70%0

Ze1tUSrAq a rare, naturally occuring mass ive lead dioxide,
operated smoothly as anode in the chlorate'perchloz'ate cell at

A ~a low voltagei without shattering and with very slight erosion.

Manaktie anodes showed slight erosion but produce& sodium
Iijperobhlorate at a current efficiency of only about 4i to 5%.

~~~*JA M1at~rni JOIte& tejtaIm a. performed. entirely satisfactoril
as an anode material.

-. 4 1The minarL !t;isnite -from Wardle sNatural Science Establihmient t
behaved. well in soreening tests conducted. in 1951. No further f

.~ workc has *been done on this mterial, since that time.

All other materials which are listed in detail in the reports
.for 1951 and 1952 proyo&d to be unsatisfactory.

b. Mork~ Done-in 3a~

Sampes o berini maals (carbon impregnated with various
metals) from the Carbone Corporation, Boonton, N.Je weire tested
in the chlorate-.perchlorate cell. These samples'were RSS Coper,

4 RS Copper, nSS Babbitt, RS Babbitt and RS Silver, with the RSS
4 , aterial b a ing somewhat harder and stronger tht-m the RS material&

The speifia resistance of these compositions was of the tam
or'der ofr nzignitu&e as that of gr~aphite, but when taste& aks anodes
all erode& rapidly with the RS Silver composition showing the

least, but still appreciable, attack (see Table MVI).
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swoomts t o ad e 1 them -poin4t o 6106'rdes.tas
elOeau vit f* b fuxmra' .put mra h otae- drp K

I~i# mixiial ii aooons the oool&00131
0alauutdA ftox the M4r Msn 4 l Yevr the rokultize

-woo compu*4 to vjxj3$z' x4%"4va ad. o)% $f~.k
matorSl of YvX$a dgrees of gonduet&iitz, fto vesw.3ts *W.
gr~s ino the frlloSig ft or$sI p t~ss *toals Iftorfonoi-dtfvt Was4 SWmi. to that of imra i vsa to& as

~ tho. s~llartoZbQ2 "A .vw'at oad. *bov* -vW~x
to rolusIto wors4 i'atsa poor, gwhile the* Mwh 0oalaw t~4i wi's
v'ate& Y Tool, Ma those showing toQ puapg of qrw~gn* .

j id~d gratI' in 4ffereAt opooImus of tbe same U42'a &I oiMhe rosv33s are liste*& in !able XYIZ. Me usturaly odawriame auM metal alloys whidh are )cnown to be good co~Adtors
or# not U010e4 in this table.

Xn wder' to ram Out or PWVT of Iueftl saterSa -1 foxodieIn the porablorato cell , ths followrincg miunrl -L w~ofrom ble MY ZI as 'being most promising: Xmto, vwaiuv
psiomean, pwokit, tnoio nd.ahzomteThse minwals

will Iie tested 'by the itandaid scrosaigg tt Whgm ehersoteria-Q tic 5.ivles, aXe 0% WAn.

4 A 8800le Of 3111,1 WWI±~a *0om eRvisOus, Xna. *rod& wapid4
whon tested as an anod.. In the coilorate-poeoh1*Irato q*11, Madid a semle ofat nro 2 from Unls Ind.t.stios, Solon,Ohio. Howevtr, a "samllabelled. pyz'oluxte O21+ 2% Wz)
Obtained from the PonxsAvsaI& tate Qollee sh'e. erYW little
erosion. this samlek later proved to be!M.inIM(Nai2 O,420)Vy X-ray AM170 I*

V ~(Riiopbhob~~j alClmbo KIM!, ZIssM of Ov~2on)
fromWaItiwea Woince Natablishmnt 4roded *vur rapI&1,.

A I'M th. Linda Air 2rod.6ots OMO~,en
which wall pravoiuly rportoA as a poor' 00qoadr~ Cpe. 26,fecond Qurmtrly Rowa* Xport ~Or 19P~), vas tom to J*To
A nUO4*00 tive outer~~r fe .n thi**o~r a
I'* testod a siras 106ty Coll-h %qo

wiuano a Ab~srosio, 'bUt Oyrsion of Chlorts tjo por.

IA 24i msat IAA Viag &ttAWe &S -Oas UM or& bX a weit loll,the f t0M*o R~ta orange prA04 04 the eltrelyte and440 the tormai= of a t...8elas'e4 flua 0 that ima~t Or Wimgold rod *musd in, the s l e
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MOTRIOAL OODUCTIVITr PATI1NG OF SO"E KMI3RA.LS*

!~~ . Oonixcti'wity ratirg: Nonconductor -. ; very poor conductor +; poor conductor +.
good conductor +++; exell.ent conductor ++++.

Mineral Com=oaition Conductivity Rating

Smtinite Sb2 S3 -

lermesite Sb 0 +

Ljoellizgite FeAS 2  +

Saftlorite (0oPe)M2a +4+ Z

Rammeter te (oIs 3  +++

(Ooybd)As 3...,. ++

++ V

Goenneite Au82
S~lmonite ka24Z
Smageite Ismetic .Y. Mn2  3  ++2 ,444

Chlsaitite (Nio2A3- ++

Prousite .43 O2  +

Witicnite(MS)0-
Taetadite ( 2aad SSb20 +4'

~~ 4, J~ProchrJpite sZ34

Ytzagaite - pseudo alct M ++

03- - H2 -

*Thle onute t +aid+++~ i.dfe'n pe~e. ftesaeilnrli
BafAM8,.OH1
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H ematite - Rhozlboheoxra F1

Oorwmdum M~c~nA1 201

Cupwite -'Isometric -n

Jamesouite2PSb3j

Bourxnoni.te PbOuSb 4+
Emvgite +44+OS

3rankiite Zn~e2O4I ++

Chromito F*G204+
Oerr&ri.to +AO

Tetz'edymits 31 To S 4-14

~~a~yag~t e Pb AU(Ts SO) 41S5  -I.
floeykte u3 As +

4A1godoite ci 6A$ 4+
Ag Sb++

Argenie Z;'
Hessite A2O'F-

Berselanite u2SO +

Petziti "V%2e~+4
AtObalacoits 12 +.

Strozeyerits u~ 4++

'Bornite c0s+4+I-'

Olau.stba13te Pb-GaSe 4-1
.ltaits PbTs ..+
Spb~lerite - Terriferous zS+
MXitacSimabar IT9S +H+

Tiemannite, Hg3 ++4

t ~Chaleopyzite ++

sta~nita 
4+

pyrrlotite - o.S+4+
Thccolite 

+115 4+

V KCovellite GuIs ++
stownbexgito A91We2S3

Tetz'ahoedrito - (eu:ria Ga) j 2 Sb4~Si 3  +4

Siagenite (OO~. Y3 S4.
Oarofl1its CO2CUtS4+

0A
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MU to5#otb at 41,Ant,~m as A"O~ U~ tuoa2Z'a~2$I

L'0; of a *o"zz
*~ *~s~o-also w wt. tesWo ar fstaoaj1

OW~rV~tS1~& at low, w n 'Ahe,4ms ih11suh
oewkmio film Owu1w off as a ldti a 1.e'sda

.4.. ~~~~~~~at the e2.gtre2.* 10"11. or the or3tl&ml1i f e
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